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(54) CLEANING AND MANUFACTURING METHOD OF SEMICONDUCTOR DEVICE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To remove contamination composed of metals and metal oxides/ hydroxides, 
without damaging metal wirings, or to facilitate the waste liq. treatment 

SOLUTION: A hydrogen gas is dissolved in water or electrolytic water soln. to prepare a cleaning liq. The water 
soln. uses a field ionized water or carbonate water soln. contg. dissolved H gas. Oxygen or hydrogen peroxide is 
further added to these cleaning liqs. The oxidation reduction potential of the cleaning liq. is adjusted to optimally 
control the ratio of the dissolving rate of the metal to its compd. Since it can be effectively cleaned by a 
neutral or week acid cleaning liq., the waste water treatment is not needed. 
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. * NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The washing approach which makes a penetrant remover the electrolyte water solution which melted 
the water which melted hydrogen gas, or hydrogen gas. 

[Claim 2] The washing approach characterized by making PH of this water solution or less into nine in the 
washing approach according to claim 1 . 

[Claim 3] The washing approach which makes a penetrant remover the aerated water solution which melted the 
electric-field ion water or hydrogen gas which melted hydrogen gas. 

[Claim 4] The washing approach characterized by adding a hydrogen peroxide to this penetrant remover in the 
washing approach according to claim 1 , 2, or 3. 

[Claim 5] The washing approach characterized by melting oxygen gas to this penetrant remover in the washing 
approach according to claim 1, 2, or 3. 

[Claim 6] The manufacture approach of the semiconductor device characterized by having the process which 
washes a semi-conductor substrate using the washing approach according to claim 1, 2, 3. 4, or 5. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the washing approach of removing the metal adhering to a 
washed ofcyect front face, and its compound. 

[0002] The process which washes and removes the pollutant containing the pollutant containing the metal 
adhering to a washed object front face and its compound, for example, iron, a ferric acid ghost, and an iron 
hydroxide is often needed in the production process of a semiconductor device or manufacture of the magnetic 
head, and a maintenance process. 

[0003] It is necessary to remove the metal and metallic compounds adhering to a washed ofcuect front face at 
this washing process, without corroding detailed wiring or the metal thin film formed in the washed object front 
face, and being damaged. Moreover, a penetrant remover is wanted to be able to carry out waste fluid processing 
easily. 

[0004] For this reason, in the washing approach of removing a contamination metal and a contamination metallic 
oxide, the approach with easy waste fluid processing of a penetrant remover that the corrosion of a metal thin 
film is small and is demanded. 
[0005] 

[Description of the Prior Art] In the production process of a semiconductor device, the process which washes a 
washed object front face, for example, the front face of a semi-conductor substrate, with oxidizers, such as 
ammonia and hydrogen-peroxide mixture, is used widely. However, contamination with a metal pollutant for 
example, iron, and its compound is unremovable with an oxidizer. For this reason, in order to remove metal 
contamination conventionally, it is common to add the acid cleaning process which used strong acid. 
[0006] However, since wiring and a thin film are corroded by acid cleaning and it is damaged when metal wiring or 
a metal thin film is formed in the washed object front face, acid cleaning of the washed object with which this 
metal wiring or a metal thin film is formed cannot be carried out. Moreover, by the washing approach by strong 
acid, waste fluid processing of an acid penetrant remover takes an expensive facility. Furthermore, in rinsing 
after acid cleaning, the front face of metal wiring and a metal thin film oxidized, and there was a case where 
trouble was caused to subsequent processing. Although there is also a means by which use acid cleaning and 
also electrolysis removes metal contamination, since the pollutant which is not on an electrode is not removed, a 
field of the invention will be restricted remarkably. 

[0007] The same problem is produced also when removing the metallic. oxide generated on the front face of the 
metal thin film of the magnetic head. In the magnetic head, since the thin film of iron or an iron alloy is exposed 
into atmospheric air, it is necessary to remove the metallic oxide formed in the front face. Since the acid 
cleaning by strong acid etched a metal thin film and it could not be used at this time, it was difficult to wash and 
remove the metallic oxide of the magnetic head effectively. 
[0008] 

[Problem(s) to be Solved by the Invention] As mentioned above, by the washing approach of removing metal 
contamination using conventional strong acid, there was a problem that metal wiring or the metal thin film 
formed in the washed object front face was corroded, and it was damaged. Moreover, there is a problem that the 
front face of metal wiring or a metal thin film oxidizes at the rinsing process after acid cleaning. Furthermore, 
there is a fault of requiring waste fluid processing of the acid cleaning liquid which consists of strong acid. 
[0009] This invention removes a metal, a metallic oxide, and a metal hydroxide as meltable in water by holding an 
oxidation reduction potential by melting hydrogen gas to pure water or electrolyte ****** to the potential which 
metaled corrosion produces, and there is little corrosion of metal wiring and a metal thin film, and it aims at 
offering the washing approach of removing effectively metal contamination, metallic-oxide contamination, and 
metal hydroxide contamination. Furthermore, in addition, waste fluid processing of a penetrant remover aims at 
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offering the easy washing approach. 
[0010] 

[Means for Solving the Problem] The washing approach of the configuration of the first of this invention for 
solving the above-mentioned technical problem The electrolyte water solution which melted the water which 
melted hydrogen gas, or hydrogen gas is constituted as a penetrant remover. And the second configuration In 
the washing approach of the first configuration, it constitutes having made PH of this water solution or less into 
nine as a description. And the washing approach of the third configuration The aerated water solution which 
melted the electric-field ion water or hydrogen gas which melted hydrogen gas is constituted as a penetrant 
remover. And the fourth configuration In the second or the washing approach of the third configuration, it 
constitutes having added the hydrogen peroxide to this penetrant remover as a description for a start. And the 
fifth configuration In the second or the washing approach of the third configuration, it constitutes having melted 
oxygen gas to this penetrant remover as a description for a start. And the manufacture approach of the 
semiconductor device of the sixth configuration It constitutes as a description having the process which washes 
a semi-conductor substrate using the second, the third, the fourth, or the washing approach of the fifth 
configuration for a start 

[001 1] The artificer of this invention showed clearly that the penetrant remover which melted hydrogen gas in 
water or an electrolyte water solution as a result of continuing research wholeheartedly about the washing 
approach of the surface contamination matter containing a metallic element removes effectively metal 
contamination, a metallic oxide, and metal hydroxide contamination while the corrosion of metal wiring and a 
metal thin film is small by experiment. This invention was made based on this fact. In addition, the reason the 
water solution which melted hydrogen gas removes a contamination metal and a contamination oxide effectively 
is explained as follows from the standpoint of an oxidation reduction potential. 

[0012] system containing the passive state film with which drawing 1 is PH - oxidation-reduction-potential Fig. 
of an iron - ferric acid ghost, and draw i ng 1 (a) consists of Fe 203, drawing 1 (b) — Fe 203 And Fe 304 from — 
the system containing the becoming passive state film is expressed. Drawin g 2 is PH - oxidation-reduction- 
potential Fig. of an iron - iron hydroxide, and is Fe (OH)3. And Fe2 (OH) The included system is expressed. In 
addition, the oxidation reduction potential is displayed with the potential to a normal hydrogen electrode. 
Moreover, the potential which causes the oxygen evolution reaction and hydrogen generating reaction by the 
electrolysis of water is expressed with the dotted line a and the dotted line b in drawing 1 , respectively. These 
PH - oxidation-reduction-potential Figs, are well-known things as a PURUBE diagram. 

[0013] With reference to drawing 1 and d rawing 2 , iron oxidation / reduction reaction is insoluble by PH and the 
oxidation reduction potential (immunity). Field I, passive state (passivation) field RO, and corrosion (corrosion) It 
is classified into field Ha. In addition, Fe 304 A part of field which touches insoluble field I of passive state field 
RO by the existing system is Fe 304. It becomes field NI formed Being the same and Fe3 (OH) Fe2 (OH) By the 
existing system A part of field whioh touches insoluble field I of passive state field RO is Fe (OH)2. It becomes 
field HO formed. By the iron - ferric acid-ized iron system, it does not exist in PH10-PH14, and he does not 
exist in PH9-PH12 by the **** - iron hydroxide system, but iron corrosion field Ha exists as a wedge-shaped 
field in the range of the narrow oxidation reduction potential which meets the potential a which causes a 
hydrogen generating reaction to the field of low PH of the both sides, and high PH. In addition, in two or less PH, 
since a corrosion field exists in the range of a large oxidation reduction potential, iron, a ferric acid ghost, or an 
iron hydroxide is dissolved by strong acid. The dissolution of a ferric acid ghost, an iron hydroxide, and iron 
becomes easy, respectively, so that there must be PH and an oxidation reduction potential in a corrosion field 
and it separates from a boundary with insoluble field I and passive state field RO, in order for iron to dissolve as 
everyone knows. 

[0014] With the first configuration of this invention, the electrolyte water eolution which melted the water which 
melted hydrogen gas, or hydrogen gas is used as a penetrant remover. As for a penetrant remover, by melting 
hydrogen gas, an oxidation reduction potential becomes close to the potential a which causes a hydrogen 
generating reaction with reference to drawing 1 . For this reason, this penetrant remover goes into iron corrosion 
field Ha easily also in the range with PH near neutrality. Therefore, the water or the water solution which melted 
hydrogen gas turns into a penetrant remover which dissolves near, iron, and a ferric acid ghost in neutrality. 
Since this penetrant remover \s neutrally close to near and insoluble field I, it does not come to damage metal 
wiring and the metal thin film which were late as for the metaled dissolution rate, and were formed in the washed 
object front face of washing. However, it dissolves easily and the iron particle with big surface area is removed. 
In addition, in order to remove a ferric acid ghost and an iron hydroxide, the conditions which separate from 
passive state field RO are desirable, and, as for this viewpoint to hydrogen gas, it is desirable that it is close to 
saturation. 

[0015] With this configuration, it is made by the penetrant remover with same etching operation of 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran,web.cgLcujB 



2004/11/30 



to i. v. It* t/3 C ^ iWlw; 



HAGIRIaASSOClATES 



i-C 2197 ? . 223/5 ^— i/ 



decontamination and rinsing process after etching. Therefore, during rinsing, an oxidation reduction potential is in 
corrosion field Ha. and an oxide or a hydroxide is not formed in the front face of metal wiring on the front face of 
a washed otyect and a metal thin film. For thi6 reason, the situation where the passive state film is formed in 
the front face of metal wiring and a thin film does not happen like [ in the case of being based on the usual 
rinsing ]. 

[001 6] Of course, when wiring on the front face of a washed otyect or damage on a thin film is not made an 
issue of, the penetrant remover concerning this invention can also be made into strong acid or a strong base. 
Even in thi6 case, the optimal washing conditions for removing the contamination which consists of iron, a ferric 
acid ghost and an iron hydroxide can be chosen by controlling the ratio of the dissolution rate of an oxide and a 
hydroxide, and iron by the dissolution of hydrogen gas, without damaging metal wiring. Moreover, the water or the 
water solution which melted hydrogen gas oan be used for the rinsing process after acid cleaning, and formation 
of the passive state film at the time of rinsing can also be prevented. 

[001 7] In this invention, the high grade used for semi-conductor industry and the so-called pure water of high 
electric resistance can be used for water. Moreover, if there is no trouble in washing, a neutral nonelectrolyte 
water solution can also be used. Moreover, as for an electrolyte water solution, it is desirable to consider as 
weak acid with the small damage on metal wiring and metal thin film, for example, aerated water solution, and 
electrolysis ion water with easy and waste fluid processing. Since metal contamination can be washed and 
removed with this configuration, without using strong acid or a strong base, waste fluid processing of a penetrant 
remover is unnecessary or easy. Moreover, since it becomes acidity from neutral water, the dissolution of 
contamination is more easy. 

[0018] With the second configuration of this invention, PH of a water solution, i.e., a penetrant remover, is made 
or less into nine in the washing approach of the first configuration. In this range, iron contamination can be 
certainly washed and removed in saturating hydrogen gas. In addition, although the above explanation is a thing 
about iron, the penetrant remover of the above-mentioned configuration does so the effectiveness about iron, 
and the same effectiveness also about the nickel, cobalt and manganese which have the same field as iron in PH 
- oxidation-reduction-potential Fig. 

[0019] Drawing 3 is PH - oxidation-reduction-potential Fig. of a nickel-oxide and a hydroxide. Drawing 4 is PH - 
reduction potential Fig. of a lead - oxide. I in drawing 3 and drawing 4 , RO, and Ha are equivalent to insoluble 
field I of drawing 1 , passive state field RO, and corrosion field Ha, respectively. In addition, in TO, a nickel 
hydroxide and a lead monoxide exist in stability to the field where passive state field RO touches insoluble field I, 
and nickel oxide and a lead dioxide exist in stability by other passive state field RO to it. 

[0020] Although corrosion field Ha to whom the range of an oxidation reduction potential becomes [ in a neutral 
region ] narrow like iron at a wedge shape at a wedge shape is formed with this kind of metal with reference to 
drawing 2 , there is a core of that oxidation reduction potential in the middle of the potential a which causes a 
hydrogen generating reaction, and the potential b which causes an oxygen decomposition reaction. Therefore, in 
order to wash contamination of this metal and an oxide effectively, it is necessary to control hydrogen 
concentration and to hold an oxidation reduction potential appropriately. That is, if hydrogen concentration is 
high and an oxidation reduction potential is low, a metal does not dissolve, if another side and hydrogen 
concentration are low, an oxidation reduction potential becomes high and between stable oxides or a hydroxide 
does not dissolve by passive state field RO. 

[0021] With the fourth and fifth configurations of this invention, a hydrogen peroxide is further added in the 
water or the water solution which melted the hydrogen gas mentioned above, or oxygen gas is melted in it. By 
dissolving a hydrogen peroxide or oxygen gas. the oxidation reduction potential which hydrogen gas melted and 
changed to - side is pulled back at + side. Since hydrogen gas is saturated easily, it is difficult for it to control 
hydrogen concentration and to adjust an oxidation reduction potential. However, it is easy to add an oxidizer to 
the penetrant remover which melted hydrogen gas so much, and to adjust an oxidation reduction potential to it. 
Therefore, since an oxidation reduction potential can be easily actuated according to PH of a penetrant remover, 
it is In the middle of the potential a from which corrosion field Ha as shows draw ing 3 and drawing 4 starts a 
hydrogen generating reaction, and the potential b which causes an oxygen decomposition reaction, and suitable 
washing is made also to the metal with which a suitable oxidation reduction potential is not obtained in the 
penetrant remover saturated in hydrogen gas. In addition, it is [ control ] more trustworthier to use the hydrogen 
peroxide which exists in stability as a solution. 

[0022] Metal contamination can be removed by using the washing approach of the first - the fifth configuration 
mentioned above for washing of the semiconductor wafer with which metaled wiring or a metaled thin film was 
formed, without damaging a semiconductor device. Therefore, the manufacture approach of a reliable 
semiconductor device is offered. 
[0023] 
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• [Embodiment of the Invention] 

(1) Washing station drawing 5 Is the example washing station conceptual diagram of an operation gestalt of this 
invention, and expresses the washing station used in the example of an operation gestalt of this invention. This 
washing station contains the part and spin washing station which manufacture a penetrant remover with 
reference to drawing 5 . The part which manufactures a penetrant remover connects mixed equipment 1 , the 
hydrogen injector 2, and heating apparatus 3 with a distributing water pipe 6, and is constituted. 

[0024] It is chosen whether the pure water or the electrolyte water soiution supplied from water supply opening 
6a prepared at the tip of a distributing water pipe 6 passes along mixed equipment 1 by the switching operation 
of a bulb VI, Via, and VI b. It is chosen whether similarly, it is chosen whether it passes along the hydrogen 
injector 2 by the switching operation of a bulb V2, V2a f and V2b, and it passes along heating apparatus 3 by the 
switching operation of a bulb V3. V3a, and V3b. Mixed equipment 1 adds hydrogen peroxide solution to pure 
water or an electrolyte water solution, and carries out stirring mixing. The hydrogen injector 2 carries out 
bubbling of the hydrogen gas to the purity or the electrolyte water solution filled in the tank and melts hydrogen 
gas. Usually, the hydrogen concentration of purity or an electrolyte water solution is saturated by bubbling. 
Heating apparatus 3 heats purity or an electrolyte water solution, and makes it predetermined temperature. The 
pure water or the electrolyte water solution supplied from water 6Upply opening 6a passes along either or the 
both sides of mixed equipment 1 or heating apparatus 3 as occasion demands in the hydrogen injector 2 and a 
list, and is changed into a penetrant remover. 

[0025] The spin washing station 4 washes discharge and wafer 7 front face for a penetrant remover from 
delivery 6b which the wafer 7 which is a washed object is supported, and it is prepared on the susceptor which 
rotates in a horizontal plane at the distributing water pipe 6 back end, and carries out opening on a wafer 7. This 
spin washing station is the same as the conventional washing station. 

(2) The cleaning effect verification-test (example 1) example 1 is an example using the penetrant remover which 
melted hydrogen to pure water. To flow rate the pure water for /of 101. Hydrogen gas was melted using the 
hydrogen injector and it considered as the penetrant remover. When the flow rate of hydrogen gas is set to 10 - 
lOOscom The oxidation reduction potential of a penetrant remover [ as opposed to 7 and a normal hydrogen 
electrode in PH of a penetrant remover ] was -300mV - -400mV M 

[0026] This penetrant remover washed the silicon wafer for 10 minutes using the spin washing station 4, and 
change of the wafer surface concentration of Fe contamination before and behind washing was measured, 
consequently, the iron contamination on the front face of a wafer — the 2x1013 atom / cm2 before washing 
from — the 1x1010 atom / cm2 which is a measurement limitation It was removed below. Measurement of this 
iron contamination was made by total reflection fluorescence-X-rays equipment. Independently, as a result of 
washing the silicon wafer with which the pattern which consists of an iron thin film, aluminum thin film, and a 
copper thin film was formed in the front face on the same conditions, formation of the passive state film on the 
front face of a thin film was not observed under the microscope, and change of the thickness of a thin film was 
not observed, either. 

[0027] Furthermore, the penetrant remover of the above-mentioned example 1 was heated at 60 degrees C with 
heating apparatus, and the silicon wafer was washed, the hydrogen concentration in the penetrant remover at 
this time — 30ppb it was , Washing result, It was the same as that of the above-mentioned example 1, 
(Example 2) An example 2 is an example which used the electrolyte water soiution. Bubbling of the carbon 
dioxide gas was carried out to pure water, and carbon dioxide gas was dissolved and it considered as the 
electrolyte water solution of abbreviation PH 5.5. This electrolyte water solution was replaced with and used for 
the pure water of an example 1 , and bubbling of the hydrogen gas was carried out. it considered as the penetrant 
remover, and this penetrant remover washed the silicon wafer. Bubbling and the conditions of washing are the 
same as an example 1. The result was the same as that of an example 1. 

(Example 3) An example 3 is an example which added hydrogen peroxide solution. Mixed equipment 1 is used for 
flow rate the purity for /of 101., hydrogen peroxide solution is mixed 30%, and it is H2 02. The hydrogen- 
peroxide-solution solution whose concentration is 0.01-1.0g/l. is manufactured. Subsequently, bubbling of the 
hydrogen gas is carried out, It was saturated, it considered as the penetrant remover, and the silicon wafer was 
washed using the spin washing station 4. Consequently, the residual surface concentration of Fe and nickel 
contamination was below a measurement limitation. 

(Example 4) It is the example which replaced with the hydrogen peroxide solution of an example 3, and melted 
oxygen gas. To the pure water which carried out degasificatlon beforehand and lowered dissolved oxygen 
concentration, bubbling of the hydrogen gas is carried out and it is melted to near the saturation. Subsequently, 
measuring an oxidation reduction potential, oxygen was melted and it considered as the penetrant remover until 
the oxidation reduction potential was set to 0.2V. When the silicon wafer was washed like the example 3, the 
result same about Fe and nickel contamination as an example 3 was obtained. 
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[D028] • 

[Effect of the Invention] Since the oxidation reduction potential of a penetrant remover can be adjusted to the 
potential suitable for washing by melting hydrogen gas to a penetrant remover according to this invention, the 
washing approach of removing effectively the contamination which consists of a metal, a metal hydroxide, and a 
metallic oxide can be offered without damaging metal wiring and a metal thin film. 

[0029] Furthermore, the washing approach of contamination that water supply processing consists of an easy 
metal, a metal hydroxide, and a metallic oxide can be offered by using for the water solution of water or weak 
acid the penetrant remover which melted hydrogen gas. 

[0030] For this reason, the place which contributes to the improvement in dependability and reduction of 
facilities in manufacture of a semiconductor device and manufacture of electronic equipment and maintenance 
sets, and is, and it is **. 



[Translation done.] 
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1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**+* shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] PH-oxidation-reduction-potential Fig. of an iron - ferric acid ghost 
[Drawing 2] PH-oxidation-reduction-potential Fig. of an iron - iron hydroxide 
[Drawing 3] PH-oxidation-reduction-potential Fig. of a nickel - oxide and a hydroxide 
[Drawing 4] PH-oxidation-reduction-potential Fig. of a lead - oxide 

[Drawing 5] The example washing station conceptual diagram of an operation gestalt of this invention 
[Description of Notations] 

1 Mixed Equipment 

2 Hydrogen Injector 

3 Heating Apparatus 

4 Spin Washing Station 

6 Distributing Water Pipe 

7 Wafer 

8 Susceptor 



[Translation done.] 
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t»ftrc«), *©*BKJBlS?ttre&JKffi<b'&! 1 fefiteTft 
i&gtf&ft. C©£#. Sfi&fCiSMijfefrlS&JSjSJBlfc 

x> y-rftfctofflus c £*sr*ftt,>©r. OjJF.tt 

tc««rv» F©*jnttttt<&eM»LTlft£rft£&ttB 
io Bra-afc. 

[0008] 

©Sfiffi4fflv»r^js^a<:i»^-rfti5fe«»^-ffirtt. tra 

^ftmtcJB&3*ifc^mXtt&BBB*>ail8 h 
ffl«Tft£U 9 !«*!*>»-»*:. *fc, ttj»j*a©;W56I 
ar^iSEtRX«ftJS?SH<i!>«B*i«<bf ft io^Wfig 
*»ft«. Sfttc. 2£nfrfe%ftB^iK©tt$g&3I&g 
Tft£l>5^#j&J£>ft. 

CO 0 0 9 3 ♦ftHSlJ, M7kX«W»H*S«K*»J* 
20 ***WC £«*»>, ffi<ba7C«ffi*^IB»««ipM^ 

rft«ffi{c<i^r ft c i r^js, oMMbftacttfl* 
ttfbitfektciOT8& i/rifc*r* tor, ^siaiaa^ 

£MW8l<DKtki»'J>tc < . &!Sm\t®Pi 

saav&K*»{b«»^isit3aaw«:»*i-ftgfe»*tt* 

UtttftCi^gWiTft. §6tCflD*ri5tfri8©&jfS 

Ara*>v*«ttit£&*tifitT ft c £ =6 § n i f s . 

[0 0 10] 

ttSffl*«?&Tft/c*©3MB] ±S3WMfc»?&Tft?c«> 
O^HOfe-OBttOgUlttrtttt. ******* I 
30 fc*XB*S#**fcfrLfc*Jim*?^*i^«£ L 
"tflWtO, ao\ SJr©«tJjSB. ff-OM(<D0t##tt 

ucwssu aw. w=©««a©jj6^^B, **#* 

LtefW W * >*X«*JR:ff.x Lfc&ffi* 
iS?K4iSfei»iE£ LrfiMtU Rtf. a»E©«ffitt, Jp 
-. MnxB!P=©«tffi©a}*^ffi(ciat»r. KSt»jS 

tf. HZOIMItt, »" X^=©»fii©i5t^7? 

six. m- nr. w=, flR9X(flH£©«dt©n»^ 
fit^ ur<ii5Si-ft. 

[001 1 ] *9BM©A9i«». SJK7r«.«rgO*ffi?? 
5ft«BSI©i)fe)9>i6rttK-?C»rfflL*5FJ!S«r«*wrt®* 1 ?KX 

4fctt&o'ftgpkBMb«mik«MA»KM«r ft c t ex 
&i-.fc "3 ^ ?>*>(c l /c. *#6^:$A>i»ft*jfe(i:a-?ur 



«&©£*&*>€,#©<*: SKIM 3 4i 5>. 
[ 0 0 1 2 ) H 1 tt*-ttWfcfll©F H-K^bifijcflSa 
Bi-C&D, 01 (a) ilFe, 0>6> ^i^tt.Wffl^ 
St***. HI (b) t*F e. O, &OF e, O, *»e> 
% % Tft&tt* Sty JR * * b X t » S . IS 2 tt«-«*Bl 
ytftOPHHBHtiSTCiSlta-CftiJ. Fe (OH) , & 
O'F e (OH) , tStijUtai/TIr**. SMt« 

tc, 7k©S^WlcJ:4^#a£Krt4atf7MR?e£E£t: io 

slx^*. cne>oPH-jB!bS7ct8{4ia«. y-ju 

[0 0 1 3) 01RtfEI2££JHL"C. fifcoaft • Stc 
ja^WPHiK^jSTCtttoCJcO.-. (inmuniw) « 
iiS-T, =TCB!>1& (passivation)ffiilUaRyfSB84Ccorposio 
n) fiJUSl^MMHgft*. ftfc. Fe, O, *J?£&T4 

Fe, O, ftStfi^i ft*. mflUC. Fe 

(OH) , £Fe (OH) , 4^St*«Ttt. 20 

agffitaa ®*®m 4 tear * iwhs f e ( o h ) 

SfclMfcafc^CttPH 1 0-PH 1 4©«H"CXlfrHfc* 
K(t^-C(iP H 8 ~PH 1 2 ©Wi-CfiHSttr. *© 
fflHI©(£PH2lWtPH©««tt. *3R|e££jfc>i:Sac 

rustta Kie^ !5f?t>ifi<fcjaro*(4©i5E-cis?B©«ajai 

L-C^ffi-TS. ttte, PH2&TrttJEl»H{b»7C«ft 
©SfiB«teir>T8fii6HJS*iffiS-r4tc*. &ia&c«fc»?& 
XttWWWBS L < ttftftttftft ttttJB § 4i 4. «I*U© 
J^KIfcWIIM-iKtt. PHR9BMfcS56«fi|[3»«tt 30 

«a±©«#W»i&jftn&«£. *t;-pnfiiEffi(b«J, S*7jt 
fflKt"BiaV«©«S»f WMicfeft. 

[0014] #jbw©w— ©tfasTB. 7jtse*^^««» 

«. Hl«MRl,?, itftSJBISttttJkiSSJefiKJitttiis 
CT*i!taK:j2<&£. c©fc«>. C©i5tSffiSWPH*i 

tiH4«cai,»85Hrtss«tt©jBttfflapNtcA*. ae-a 

^ftSCX»lMtfofeiS»^4iftfr{fc£&4. *>*>4tffe# 
iBtt*tt«a<*»-33F»IIWI-rtCJEt»7fe». £»©&«? 

ESR&V&«J&Mfe»*T4lC«S£fcl,>. L*U « 
ffl«n*»6l||tiS$!fcfta«»±L<. C©Hjia*>6*»i!/ 

[ooi5] *flwrctt. re&aa*©* 9*>iffmt 
x»^>yfft©**i«itt. nD-©ijw»r«fSh so 
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5. flt-st. ?J«>tti 3 fcK(biB7t«t4tfKI4WilS7>t*9tca 
0 . tl5ift^«3gBi©^«B2«ao>'&/SWJS©«i®tcBMb 
fcXUarafWKWRKStlttO. C©te«b. jffl»©*j5c 
tc£4«6©J:9CC. s&HBSIS. nEtt©SCD(C7lUttlBl 

[ o o 1 6 : 4m. t«^mn©B«XKiNR©iaft 

*#a©«iwc J: 0 . mvs&CMcttrtfe&fite©^ 
<». s»»(b«jsc;ssfe*K(b«j*»p»«c4^S54i»i-rs 

4. 

$n^iK*6s. jwsaaaR©i>t»«>*M**«i,>sc£ 

*n?§4. Sfc. ^K3KB*frtmtt4>ttommi 
tt. SlttffiBtfMr^odlRBtKa^lsmBCfflft 

ci*iSf*oc>. ^i&afiSrti. gdiniXBttT^*y 

i5E*?g©UliSS!iSJli^SX!X , §^-C&4. £ 
fc. *14©7kJ:9fcKig:«:toSA»P,, «Sfe©figj«a5J:'3 

[ools: xfmc»mz.(Dtm-c\t. jp-©*^©^ 

(Cft|9R«ri%». »*T*Ci*«"C»*. W±© 

Sttwias*ic-3t»-c©t>©-c*s*J, ±ecEX«ja©w*iR 
«s, PH-K{ba5E«(aia©*-cj*£iBa©fiii«*^r 

^©JftSiBltt^mtST^. 
[0 0 19) B3Biy**- 8$(b^ ■ TKWbMOP H 
-M(t3S5Effi(aSr«.S. EI4«8fl-K(b!fa©PH-3a 
TcWttlST**. H3Zl^lS4*©-(. BWaB, * 
tt-CftH 1 ©JR§^tiS^ . ^MfflMaKVBUIIWI^ 

C0 02 0) H2**flso-c. c©a©AJsr(x. «<t 

nc»BI*«*'>«:»JSST**«, *©»{biB7C«B(4©+^ 
S*7k*^5CS«il§Cl-«{aa £KjR»»HrD«riisC-r 
«ffibi©tfBBlC*4. S£oX. *>*»4^MRyHJ(bf)3 
©??8i«:Si»W{ctffe^-rstc«. *jRiftK«ffWI'«SJU"Cffi 

(bjfl7c*(44ata(c^Ti-?, ! £:.«i*i*s. ip«, twr?* 

< R<t»7cmifoW<B < -c «^JB Aijgfi?ii1* . life 



5 

ts, ^masjfi'k < x ttnitfflTuSttww < n o 

1 0 0 2 1 ] *#SBJ3©«E&y»;E©tS&"C«. _Ufcb 
fc7j<S#*fc«* b;MOU;trt»i&5c. § P>«ciSS<fc7k 

#**«8STi.C ££,£•;. *3UiZtfimVX-m&%. 
it LrciaitiflTcStt*! +ffl'JCC? I S R $ ft* . 7j<jR*f % kt 

s»tcfiafa-r * /c»*iwast mm i> -cK<t»7c*{a * 

L.fciifei»SR(CK{tJfJ«»jJD L-CBrttfflTEStfcfcSMSI- s 
aW^fcSlCTmtibiW^ltftc&'J, *kS#**e 

[0022] ±i£Lfe» SJiCfllfiJcCDgt^ffiife, 

»c* wr z c t r . « c & * < &js 

[0023] 
(1 ) ffi»«B 

jb^se i , 2 ftvmmm 3 4 €-ie*s 

[0024] E7k« e ojaatca w e. hfciMQ a a *> 

1 a&tfV 1 bOHMMHCJ: •JfflS^StH 1 

EH81C. V2a&tfV2 

Sft. S/c, ^V/V3, V3 aSCV3 bOBBIKUkfP 

Hi. «?KXtt«}«»7jcig>9w:iiffi^*»7k1:iJDA. i» 
ffiSSt?.. *i55i£A$SE2«: 1 * >*rtKIHfcLfc*6 
^mSWSfTkJ&ffiK^tf* «r^y y > ^0"CtKJR# 

JWK?K?$ja*U0jSfiOB'TgCDSSi-r4. te7kP6a;o>e, 

be* k#bk «t »j ts^saa 1 xitihUMRK 3 ©(am*»x 
[ 0 0 2 5 j * k>%»sb4 ». *^Hrtr[ai^-j-* 
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6 

6 SJStCttW '%7_fctCHCrj"*ttHin S b A> 

( 2 ) tfit»a&»ysis(ugs& 

(nwn 1 ) mom 1 si. ♦6*fC7K*%s*>u/c^tS 

tfiH^WTA*. ifcBl 0 y * MI//a©*tattC, * 

7ws^©fi(ta:% io~ioo scant u^ci * . m*m 

©PHti7. ttIfck«WB(c»T6WMBOIHtS5GS 
10 &ti-3 0 0n*/ — 4 0 0mvr*-5/t. 

[002 6] C©ifc«c4:9*£>ft??.KB4£fBt,> 
Tl 0#Nh>y=i>'5x-/N£&j*U ^f»<DF e 
r5»©£x-^S*tB?«fi©£{t£aNEUfc. ■fOttm. 
■5x—"«lBW>«i5»H:. ^j*P©2 x 1 O^JS-T/cm 
' *»5)3WSmnr*S 1 x 1 CB-f/crf &TFtV» 
£3 fire. CO^JfeOifJJgli. ££BMxjg«»«: 

j;t)<csft7c. su*c . BBte&ws, AimnsB&vmm 

B8*> 6 4 > < * - > w&K 3 ft re ^ y 3 > 9 x - >s £ n 
u tote*. iSRsSBo^aaiffiiKfl^jjstigi 

20 St«Tratfl!lSftt*. S?tWJIgOJBiJSOKftfcia5'J§ft 
[ 0 0 2 7 ] 8 *K. ±Sa««ifi{« 1 <D{}t}*}fi%}JD«ia 

a-ceo"Cu:j}O^Lr^y=i>*xwM&ijt^ote„ c 

©id Oi5fef*«t|'©7kj8iaH« 3 0 ppb V&itc. JJtr* 
l&Sti , ±j&cpJBBW 1 4 HlfiSr * -s tc. 

iljK«mi1» 1 <Wt*KKilTmv 7WR*X%v<7 - y 

ssa 1 0 y y h jv/»o«fisicig^sa 1 zmi> 

T3 O^iiSftWRTK^ig^L. H, O, iflSJWO. 0 

i - 1 . o s/y y k ;vtoawiyWR7WS»*fflHaTr 

iO. ^er>i5t^sa4*ffli>-ci/y 3>«?x-/N%i5t 
^bfc. F eSTO i »55ftOBie^ffi}filSii 

40 BoaajfttT-CA^/c. 

/i*e*tc. 7XiR^*M7'y^yLrffi«ojfi< irig^ 

*i0. 2 VlCtti&X-m&te&LX&fri&tLtc. H 
tfiWSiRfiStCi/ys^^xwx^iStj^u/ciC^. F 
eSC^N i mSUCH>X&nW5 £|5]«0#l»*»/c. 
[0 02 8] 

[«b^O«!*] *^«:ift«. ftj»ja(c4c]R#x«rtt 
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1 0 0 2 9 ] § hiC, 7kXtt5IB«©*?SiStC*JR*f^«: . 
[003 0] CO/cti), *J*fc3Sa©^at«5-7-taS3 
[ E8 1] Ifc— «BMtt&© P H - bil7c«{4ig s 



e 



10 



[193 3 

[05 3 ttW<D9&mmfi9i»&5Bm&m 



13 



* - «flwn»© p h - swutJc^ta 



[023 





^ ' * T J ' • ' - Q - ' ' Q 
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CBI6] 




